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The h igh  r e s o l u t i o n  NMR of  two important  n u c l e i  (13C and 'D) i n  t h e  s o l i d  

s ta te  is now a p r a c t i c a l p o s s i b i l i t y .  This  adds a u s e f u l  t o o l  t o  t h e  a r s e n a l  

of  a n a l y t i c a l  chemistry i n  t h e  area of s o l i d  m a t e r i a l s  which are i n s o l u b l e  

o r  otherwise not  amenable t o  c l a s s i c a l  spec t roscopic  techniques.  The 

s tudy of I 3 C  i s  made p o s s i b l e  by a double  resonance method (Proton Enhanced 

NMR) due t o  P i n e s ,  Gibby and Waugh and has  now reached t h e  s t a g e  where 

a n a l y s i s  of some f u n c t i o n a l  groups i n  c o a l  i s  p o s s i b l e .  

p i c t u r e  o f  t h e  method w i l l  be  g iven  i n  t h e  t a l k .  

shows s p e c t r a  on our spectrometer  and our  computer from a sample of c o a l  from 

D r .  F. Mayo a t  SRI working on a n  ERDA f o s s i l  energy r e l a t e d  p r o j e c t .  A t  

top is t h e  I 3 C  proton  enhanced NMR spectrum. A t  bottom are t h e  computer 

generated l ineshape  ana lyses  f o r  f o u r  carbon types  ( a l i p h a t i c  262, e t h e r  13%, 

aromatic  53% and polycondensed aromat ic  8%) .  I n  t h e  c e n t e r  i s  t h e  computer 

s imula t ion  done by adding t h e  f o u r  shapes a t  t h e  bottom and adding some 

noise--you must a g r e e  t h a t  t h e r e  is some s i m i l a r i t y  wi th  t h e  experimental  

spectrum. W e  thus  b e l i e v e  the  method i s  quick  and reasonably  r e l i a b l e  

(% 10%) f o r  s tudying  whole c o a l s ,  c o a l  process ing ,  c o a l  by-products and 

o t h e r  f u e l  r e l a t e d  m a t e r i a l s .  

t a l k  and d i s c u s s  t h e  advantages and l i m i t a t i o n s  of t h e  method. 

A s imple  p h y s i c a l  

A s  an example, F igure  1 

We s h a l l  show s e v e r a l  examples of t h i s  i n  t h e  
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The study of 'D NMR i n  t h e  s o l i d  adds a new p o s s i b l e  dimension s i n c e  

i s o t o p i c  l a b e l i n g  d u r i n g  process ing  could be  fol lowed d i r e c t l y  i n  t h e  

s o l i d  state. This  w a s  cons idered  u n t i l  r e c e n t l y  a p a r t i c u l a r l y  n a s t y  

nucleus s i n c e  'D l i n e w i d t h  are t y p i c a l l y  200 KHz (s  1000 ppm wide) i n  the  

s o l i d  state. A method due t o  Vega, Sha t tuck  and Pines  (Four ie r  Transform 

Double Quantum NMR) now b r i n g s  t h i s  nuc leus  i n t o  t h e  realm of h igh  

r e s o l u t i o n  and t h e  p o s s i b i l i t y  of a n a l y t i c a l  a p p l i c a t i o n s .  Again, a 

simple p h y s i c a l  p i c t u r e  of t h e  method w i l l  be presented  i n  the  t a l k .  

A s  a n  example, F i g u r e  2 shows t h e  f i r s t  r e s o l u t i o n  of  deuter ium chemical 

s h i f t s  i n  t h e  s o l i d  s ta te .  A t  top i s  a n  NMR f r e e  induct ion  decay taken 

by t h e  double  quantum method. The Four ie r  t ransform spectrum a t  t h e  

bottom shows t r u e  'D chemica l ly  s h i f t e d  l i n e s ,  one due t o  the  COOD and 

one due t o  HDO. 

w i l l  be descr ibed  and i t s  p o s s i b i l i t i e s  and l i m i t a t i o n s  discussed.  

S e v e r a l  r e c e n t  examples of t h i s  s o l i d  s t a t e  'D spectroscopy 
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Figure 2 
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